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Distribution of accumulated arsenic in the seaweed Hijiki， Sargassum fusiforme 
(Harvey) Setchell (6) 
Masa戸lkiKATAYAMA1ぺYukoYAMAMOT02)， Rie SAWADA2)ラYohkoSUGAWA-KATAYAMA *1，2) 
Department ofHealth and Nutrition， Osaka Aoyama University 1) 
Department ofHealth and Nutrition， Gi白Women'sUniversity 2) 
Summary Arsenic accumulation in Hijiki， Sargassumルsiforme(Harvey) Setchell， a member of the Phaeo-
phyta Family， was determined throughout the whole plant by thermal neutron activation analysis. We collected 
Hijiki plants along a sea coast of Ise Bay， where Akamoku plants have also been harvested. The arsenic distri-
bution in the Hijiki plant body was not uniform along the stalk like in Hijiki plants harvested at other districts and 
Akamoku plants of this district. Arsenic distribution in the genital organs of Hijiki showed high arsenic con-
centrations on the wet weight basis in comparison with other tissues. (accept巴d.Oct. 25， 2008) 
Keywords : Sargassumfusiforme (Harvey) Setchell， Hijiki， arsenic， arsenic distribution， 
thermal neutron activation analysis， genital organs， leaves， stalks， twigs 
Introduction 
Seaweeds of the Phaeophyta family， some of which 
have been reported to contain high amounts of arse-
nicl-3)， have been traditionally eaten by Japanese ， 
Hijiki4)ラSargassumルsiforme(Harvey) Setchell， of this 
family has been found to contain variable levels of 
arsenic irrespective of their harvesting areas of the 
ocean5-9). To study the arsenic accumulation behavior 
in the Phaeophyta family， the arsenic concentration in 
some other members of the Phaeophyta family has 
remained to be determined. In the previous studies， 
pattems of arsenic distribution in Umi四torano-o，Sar-
gassum thunbergii (Mertens巳xRoth) Kuntze7)， and 
Akamoku， Sargassum horneri (Tumer) C. Agardh， were 
investigated 1 O. 1). In this report， we present data on 
arsenic distribution in Hりikiplants harvested at the 
same sea-coast area where Akamoku was har-
vestedlO， 1) 
Experimental 
Plants: 
Hりikiplants were harvested at Mugisaki Coast， 
Katada， Ise Bay. The samples were carried in an 
ice-cold box to our laboratory， and washed successively 
3 times with artificial sea water， twice with distilled 
* E-mail: katayama@osaka-aoyama.ac.jp 
1) 2-1-1 Nina，恥1inohCity， Osaka 562-8580， Japan 
2) Taromaru 80， Gifu City， G泊I501-3592， Japan 
water and once with MilliQ water. After each wash-
ing， excessive water was blotted out on filter paper. 
They were cut into pieces of 10 cm lengths from the 
downside to the upper side along the stalk， which were 
designated as a'， b'， c'， etc. The leaves and the apex 
were separated. (Fig. 1). The separated samples 
were sealed in small polyethylene bags and their wet 
weights were measured. They were stored in a deep 
freezer at -40oC untillyophilization. 
Arsenic determination: 
The lyophilized samples were weighted and their 
small portions were used for determination of arsenic 
contents by thermal neutron activation analysis. 
Thermal neutron activation analysis6， 12): 
The specimens sealed in small polyethylene bags 
were bundled in Neuma-capsules and set in the center 
position of a research reactor of the Research Reactor 
Institute of Kyoto University. The thermal neutrons 
were irradiated at 1013 neutrons cm-2 • sec-I for 20 min. 
After 72 hr of cooling time， arsenic contents were de-
termined by a gamma detector equipped with pure Ge. 
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Fig.l Fractionation ofHijiki plants. 
After washing， the sample plants were cut into pieces of 10 cm length， and separated to respective tissues. 
Results 
Growth states of Hりiki:
A branch of Hijiki， designated as No A， had two 
stalks， one (A・1)68 cm long and the other (A・2)35 cm 
long， each possessing many twigs. The lengths of the 
twigs， mostly less than 10 cm in length， were separated 
企omthe respective 10cm-sections， and each was sepa-
rated to leaves and stalks (Table 1). This branch had 
many genital organs， and they were also separated企om
the respective 10 cm-sections. (Fig. 1). 
再Vatercontents: 
The ratios of the wet weight to the dry weight of the 
tissues suggested that the upper sections of stalks were 
less matured. The shorter stalk seemed to have more 
immature leaves than the longer stalk as shown in Table 
1. A similar trend was found in the water contents of 
the leaves and stalks oftwigs ofthe respective sections. 
Arsenic contents on the wet weight basis: 
The arsenic concentrations on the wet weight basis 
may reflect more physiological distribution than those 
on the dry weight basis， as arsenic seems to be uni-
formly dispersed in the wet tissues 13). The arsenic 
concentrations in the leaves and stalks were higher in 
the lower sections than in the upper sections， suggesting 
that the accumulated arsenic was not easily transferable 
in the tissues (Table 2). 
It is interesting that the genital organs contained 
higher levels of arsenic than the other tissues in the 
same section (Table 2) 
Arsenic contents on the dry weight basis: 
The arsenic concentrations expressed on the dry 
weight basis (Table 3) showed generally 30 to 80 ppm 
in the leaves and stalks; the arsenic levels in the genital 
organs were sometimes more than 100 ppm. (Table 
3). 
Discussion 
The water contents in the genital organs were mostly lower 
than the other tissues in the same sections (Table 1). 
As food for fishes or mollusks， the more rich contents 
with lower water contents may be preferred， and the 
high arsenic level might be a means to prevent the Hi-
jiki plant from being eaten by other animals (Table 2). 
The higher concentration of arsenic in the more ma-
tured tissues may indicate the more difficult of arsenic 
transfer between the tissues， resulting in the 
non-uniformity of arsenic distribution in the tissues 
along the stalks5-9) (Table 2 and 3). Other elements 
such as calcium and iron also appeared not to be easily 
transferable between the tissues (our unpublished data) 
because oftheir insolubilitiesI3). 
The arsenic levels in Hりikiwere about 50% les than 
those in Akamokul)ラ andthey perhaps depend on the 
duration of contact with ocean sea waterl). 
When used as food， pre-cooking treatments will be 
essential as shown by the water-soaking process of 
dried Hijiki 14). 
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Table 2. Arsenic concentrations 面白ellijiki pl岨 ts，h副可回tedatMngi組組-Katadadistrict， Ise Bay， expressed on the b咽 Sof 
wet weigbt. 
Samples車 Sections料 四As/g I PeJcentage Welweight I四回(%**・)lissues 
g' 
r 
4.529 
6.186 
5.684 e' 
Stalks 
46.1 
73.4 
100.0 
28.0 
29.5 
65.6 
b:1' ~叩0ω0
ω仇 P目)，.1 ，.~:~川別B制削4叫1 
Leaves 
?
?
??
8.989 
A-l 
; I ，， 7~:，~~~ f 
Gen血 10""，回
e' I 13.317 
d' I 9.973 
c' I 13.934 
13.9 
?
? ，
?
?
????
?
? ? ?
?
?
?
??? ，
??
?
…?
…?
? ? ?
??? ?
?? ?
?
?
Filamentous holdfast 
I Stalk 
g'(Apex) f 
目 Leaf
14.961 
9.356 I 100.0 
4.287 I 45ι 
A-l・Twigs
f 
Stalk 
Leaf 
e' 
Stalk 
Leaf 
d' 
Stalk 
Leaf 
c' 
Stalk 
Leaf 
b' 
Stalk 
Leaf 
a' 1 .." ， ~ta.I~ 
Leaf 
7.666 I 81.9 
5.574 59.6 
95.5 
76.1 
・
85.1 
70.0 
49.9 
69.6 
6.978 74.6 
許可:T1: 
N I 0 
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Samples事 μgAs/g IP町centage日lIoWet weight I (%押・)lissues Sections治指
33.0 
45.1 
41.5 
43.7 
?
?
?? ?
2.508 
4.584 
7.465 
12.354 
20.3 
37.1 
60.4 
100.0 
Stalks 
a' 
d'(Apex) ? ，
?
?
?
?
?
?
?
?
?
?
?
??
??
?? ?
?
??
?
↑?
?
?， 、
?c' 
Leaves 
0 
72.9 
8.6 
15.3 
14.2 
100.。
A・2
Genita(Orga田
???? ?、 ，
? ?
??
??
?
??
?
?
?
?
??
，?
???
a' 105.607 
14.961 : F'ilamento制 holdfast
‘ Stalk 
c' 
主 1".. ， .... }~~~1 ''' .. " ，...~1:~ 
r:i ~-l'=---}'m f --，-1~~.~ 
72.8 
18.5 
A・2・Twigs b' 
19.4 
a' 
場Thesample A-l and A-2 constitute one branch， designated as A， 
cOIUlected to one common filamentous holdfast. 
紳 Thealphabeticalletters， a'， b'， c'， etcmeans白esections from the 
bottom， filamentous holdfast up to the top， apex， sectionned at an every 10 
cmlength 
榊*百1ehighest value in the leaves and stalks， that in the genital org町民
and that in the同igs(Ieav田 andstalks) of ei ther A・lorん2were taken as 
100%. 
N: Notexist. 
Note:百四averagevalues"SD (μg As/ g wet weight) of A-l stalks， 
A-l Ieaves andA-l-twigs were 7.5土3.2，5.8，2.1組d6.9，1.5， respectively， 
and those of A・2stalks， A-2leaves and A-2-Twigs were 6.7ぇ4.2，5.9士2.8
and 5.3士1.6，respecti vely. 
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ヒジキ，Sargassumルsiforme(Harvey) Setchelの藻体各組織内における
ヒ素元素の分布について (第 6報)
片山員之 lへ山本裕子 2)，津田理恵 2)，片山(須)1)洋子 1，2)
大阪青山大学健康科学部健康栄養学科 1)
岐阜女子大学家政学部健康栄養学科目
要旨
新鮮な伊勢湾産ヒジキの組織各部位におけるヒ素の分布を熱中性子放射化分析法によって定量した。 採集
された藻体は保冷して持ち帰り，人工海水，精製水で洗浄後，茎に沿って 10cm毎に切断して仮盤状付着器
部，茎部， 葉部，生殖器部に分画後，各画分を凍結乾燥した。乾燥試料の一部分をポリエチレンバッグ中に
封入し，研究用原子炉の炉心部に保持して 20分間熱中性子を照射した。 72時間の冷却期間をおいて取り出
し， pure Geカ、、ンマ線検出器にて放射化された元素ヒ素量を定量した。
ヒ素は茎部，葉部ともに， 茎に沿って不均一に分布していた。 この結果はこれまで著者らが明らかにした
日本の他の海域のヒジキの結果と一致するものであった。さらに今回は生殖器のついた試料について分析
し生殖器部には他の部位とくらべて可なりの濃度のヒ素が集積していることがわかった。このことの意義
および，同海域に生育するアカモクのヒ素レベルとは異なることの理由について推察した。
キーワード:ヒジキ，Sargassumルsiforme(Harvey) Setch巴1，生殖器，葉， 茎， 小枝， ヒ素， ヒ素濃度分
布，熱中性子放射化分析
